Introduction Traumatic brain injury (TBI) is a major cause of death and severe prolonged disability. Intracranial hypertension (ICH) is a critical risk factor of bad outcomes after TBI. Continuous infusion of hyperosmolar therapy has been proposed for the prevention and the treatment of ICH. Whether an early administration of continuous hyperosmolar therapy improves long-term outcomes of patients with TBI is uncertain. The aim of the COBI study (number clinicaltrial. gov 03143751, pre-results stage) is to assess the efficiency and the safety of continuous hyperosmolar therapy in patients with TBI. Methods and analysis The COBI (COntinuous hyperosmolar therapy in traumatic Brain-Injured patients) trial is a multicentre, randomised, controlled, open-label, two-arms study with blinded adjudication of primary outcome. Three hundred and seventy patients hospitalised in intensive care unit with a TBI (Glasgow Coma Scale ≤12 and abnormal brain CT scan) are randomised in the first 24 hours following trauma to standard care or continuous hyperosmolar therapy (20% NaCl) plus standard care. Continuous hyperosmolar therapy is maintained for at least 48 hours in the treatment group and continued for as long as is necessary to prevent ICH. The primary outcome is the score on the Extended Glasgow Outcome Scale at 6 months. The treatment effect is estimated with ordinal logistic regression adjusted for prespecified prognostic factors and expressed as a common OR. Ethics and dissemination The COBI trial protocol has been approved by the ethics committee of Paris Ile de France VIII and will be carried out according to the principles of the Declaration of Helsinki and the Good Clinical Practice guidelines. The results of this study will be disseminated through presentation at scientific conferences and publication in peer-reviewed journals. The COBI trial is the first randomised controlled trial powered to investigate whether continuous hyperosmolar therapy in patients with TBI improve long-term recovery.
trial registration number Trial registration number is NCT03143751.
IntroduCtIon
Severe traumatic brain injuries (TBIs) are responsible of more than 5 million deaths every year worldwide.
1 TBI is an extremely severe condition given that nearly one patient with severe TBI out of three dies in hospital and another third has a bad neurological outcome. 2 Therapies are therefore urgently needed to limit brain damages and thus to limit sequels and the tremendous medical costs of TBI. Open Access remains the leading cause of secondary ischaemic brain injury and is the most frequent cause of death following head trauma. 7 The frequency and cumulative duration of ICH episodes are independent risk factors for bad neurological outcomes. 8 9 Although no randomised study has demonstrated the usefulness of intracranial pressure monitoring, 10 the statistical association between the occurrence of ICH and the long-term outcome of patients with TBI justifies the international recommendations in favour of intracranial pressure monitoring and emphasises the importance of prevention and treatment of post-traumatic ICH.
11
Continuous hyperosmolar therapy with infusion of hypertonic saline solutions (3%-20%) has been proposed in patients with severe brain injuries to ensure continuous control of intracranial pressure. 12 Continuous hyperosmolar therapy was first used for the treatment of refractory ICH. 13 More recently, early administration of continuous hyperosmolar therapy, that is to say, in the first line of the curative treatment or even for the prevention of ICH in patients with TBI, has been implemented in clinical practice. [14] [15] [16] [17] However, to date, few data have demonstrated the efficacy of this treatment, and no study has investigated its effects on long-term outcomes.
The objective of the COBI (COntinuous hyperosmolar therapy in traumatic Brain-Injured patients) study is to ascertain whether or not the administration of early continuous hyperosmolar therapy with standard care compared with standard care alone improves neurological outcome at 6 months after injury in patients with moderate or severe TBI. We are reporting the version 2 of the protocol (27 April 2017). study population Investigators screen patients with consecutive moderate to severe TBI defined as the association of a Coma Glasgow Scale≤12 (considering the worst score observed in the first 24 hours following trauma) together with a traumatic abnormal brain CT scan (extradural haematoma, subdural haematoma, subarachnoid haemorrhage, brain contusion, brain haematoma, brain oedema or skull fracture). Inclusions criteria are: moderate (Glasgow Coma Scale 9-12) to severe (Glasgow Coma Scale 3-8) TBI, in the first 24 hours following trauma, age between 18 and 80 years and informed consent from a next of kin. Exclusions criteria are: dependence for daily activity, Coma Glasgow Scale of 3 and fixed dilated pupils, associated cervical spine injury, imminent death and do-not-resuscitate orders and pregnancy.
MEthods And dEsIgn hypothesis
setting The study involved 10 French neuro-intensive care units from 10 university hospitals, each centre caring for more than 50 patients with moderate to severe TBI every year.
treatment allocation
Patients eligible for inclusion are randomised within the first 24 hours after trauma. Patients are randomised in a 1:1 ratio and stratified according to the Glasgow Coma Scale (3-8 or 9-12) and administration of boluses of hyperosmolar therapy before inclusion. Randomisation is made by a computerised number generator list provided by a statistician not involved in the determination of eligibility or in the assessment of outcomes. All assignments are made through a dedicated, password-protected, SSL-encrypted website. Patients are randomised in the first 24 hours following trauma to standard care (control group) or continuous hyperosmolar therapy plus standard care (intervention group).
Masking protocol
It is not possible to blind local investigators to allocation as it is obvious clinically which patients are receiving continuous hyperosmolar therapy. Blinding of outcome data assessment is, however, ensured as the GOS-E questionnaire is evaluated over the phone by a research assistant not aware of patient assignment.
Procedures
Within 24 hours of the estimated time of TBI, a 1-hour bolus infusion (7.5-15 g of 20% NaCl depending on the blood level of sodium before inclusion) is realised immediately after the recruitment into the study. Thereafter, continuous hyperosmolar therapy is pursued with a continuous intravenous infusion (0.5-1 g/hour of 20% NaCl) adapted to the blood level of sodium measured every 8 hours (figures 1 and 2). Continuous hyperosmolar therapy is pursued for at least 48 hours in the intervention group and continued for as long as necessary to control ICH (if monitored). If the 20% NaCl infusion is continued after 48 hours for ongoing ICH, it can be stopped be when all the stage four therapies are suspended for 12 hours or more. 20% NaCl is infused on a central venous catheter. Blood level of sodium is monitored every 8 hours during the treatment and for 48 hours after the complete cessation. Site medical teams agree to adhere to the revised Brain Trauma Foundation guidelines 11 ; however, they retain full independent control of management of every patient's TBI. Both arms received standard treatments (see online supplementary methods: standard of care for TBI). In case of ICH, the groups receive standard treatments, Open Access including bolus of hyperosmolar therapy (mannitol 0.25-1 g/kg body weight or 100 mL of 7.45% hypertonic saline) in case of ICH, but without continuous infusion of hyperosmolar therapy for the control group (figure 2).
Protocol drop-out
Clinicians can use continuous infusion of hyperosmolar therapy in the control group only in case of ICH refractory to other therapies (rescue treatment). Patients of the control group treated by continuous hyperosmolar therapy in the case of refractory ICH will be kept in analysis and remain with the control group.
study endpoints
The primary outcome is the GOS-E questionnaire at sixth month.
Secondary outcomes are 3-month and 6-month mortality rates, 3-month GOS-E questionnaire, rate of patients with post-traumatic amnesia (Galveston Orientation and Amnesia Test (GOAT)), 3-month and 6-month quality-of-life assessments (functional independence measure (FIM) and Short Form 36 (SF-36)), blood level of natremia, blood osmolarity, intracranial pressure control (time course of intracranial pressure over the first 28 days), rate and severity of ICH (mean durations of stage 3 or 4 treatments and daily percentages of patients receiving stage 3 or 4 treatments; see figure 2 ) and tolerance (acute kidney injury, thromboembolic events).
Follow-up data A letter is sent by post to the patient's general practitioner to inform them of the patient's involvement in the COBI trial. Patient outcome is assessed 6 months after injury using the GOS-E, the FIM and the SF-36 questionnaires. It is critical to obtain this information since GOS-E is the primary outcome. If the patient is discharged alive from hospital, a member of the trial team will telephone the patient's family doctor to find out their vital status before any questionnaires are sent to the patient. Then, one trained research assistant from the coordinating centre who is unaware of the study group assignments will ask enrolled patients or, if appropriate, relatives or caregivers to answer a structured questionnaire by telephone. 19 20 data collection and checking An online case-report form is used for collection of data. Blinded and patient identifiable data are stored separately in secure databases. All patient identifiable data are stored by the coordinating centre. The following variables are collected: demographics, Glasgow Coma Scale (worst score before inclusion), neuro-surgery, intracranial pressure (every 8 hours for 5 days, then daily at 08:00), mean arterial pressure (every 8 hours for 5 days, then daily at 08:00), natremia (every 8 hours for 5 days, then daily at 08:00), blood osmolality (daily for 5 days), treatment of ICH (daily administration of stage 3-4 therapies, if any), decision of care withdrawal, ICU hospitalisation and survival. At 3 and 6 months, GOS-E, FIM and SF-36 and survival are recorded. Staff in Nantes works closely with local investigators to obtain data that are as complete and accurate as possible.
study monitoring
The study will be monitored on behalf of the promoter (Nantes University Hospital). Site staff will be available to facilitate the monitoring visits and ensure that all required documentation is available for review. Study initiation visits are carried out at all sites before recruitment commences at that site. During regular monitoring visits realised throughout the duration of the trial, an independent research assistant will carry out Source Data Verification of trial data, verify informed consent forms and ensure the completeness of the Investigator Site Files. study oversight Study sponsor is the Nantes University Hospital (5 allée de l'île Gloriette, 44000 Nantes, drc-nantes@ chu-nantes. fr). Experienced research staff monitored the study for quality, the integrity of data in all the participating centres. Serious adverse events and unexpected related or possibly related serious events are reported blinded to the promotor within respectively 24 hours or 7 days. An independent data and safety monitoring board (DSMB) is appointed by the sponsor. The DSMB is made up of three people with no connection to the research, including one clinician specialising in the management of TBI, one pharmacovigilance specialist and a methodologist/biostatistician, particularly in the case of interim analysis. Before the first inclusion and every 100 inclusions, the DSMB looks over the ethics in accordance with the Declaration of Helsinki, monitors patient safety and reviews safety issues as the study progresses. The DSMB makes recommendations to the sponsor about the continuation, modification or termination of the research. The recommendations that the DSMB can make are: ► to continue the research with no modifications ► to continue the research with a modification to the protocol and/or to the monitoring of subjects ► to temporarily halt inclusions ► to permanently terminate the research in light of serious adverse reactions. The DSMB has a consultative role in advising the sponsor on safety issues such as tolerance and reassessment of the benefit to risk ratio during the research. Trial recruitment can be stopped by the promotor on the advice of the DSMB in case of safety concern.
roles of the sponsor and of the funder The sponsor and of the funder had no role in the design or conduct of the study, the data analysis, the writing of the manuscript or in the decision to submit the manuscript.
statistical consideration GOS-E questionnaire at 6 months is the primary outcome. In pilot randomised clinical trials, continuous osmotherapy has reduced the rates of death by 20% and of ICH by 30%. 17 A relative decrease in the risk of poor neurological recovery of 20% seems reasonable. The Open Access proportion of patients with GOS-E less than or equal to 5 (poor neurological recovery) in the control group is expected to reach 70%. 21 To demonstrate a relative decrease in poor neurological recovery of 20% (56% GOS-E≤5) in the intervention group, versus 70% in the control group, 370 patients should be included to ensure 80% with an alpha risk of 0.05 (185 per randomisation arm). The ordinal approach for the analysis of the primary endpoint will increase the statistical power of the study. However, it is not advisable to reduce the number of patients to be included. 22 Preplanned primary analysis The analysis will be undertaken on the 'intention-totreat' principle, including all randomly assigned patients except those who withdrew consent for use of all trial data and those who did not meet the inclusion criteria.
For the primary analysis, the distribution of the 6-month GOS-E scores between the two groups (intervention vs control) will be compared with the use of ordinal logistic regression adjusted for key baseline covariates (Age, Glasgow Coma Scale, pupillary reactivity, hypotension, hypoxia, anaemia and brain CT classification) 23 24 and with covariates used for stratification of the randomisation (bolus of hyperosmolar therapy before inclusion).
Planned subgroup analyses are: ► strates of randomisation: severe TBI (Glasgow Coma Scale 3-8) and moderate TBI (Glasgow Coma Scale 9-12) ► bolus of hyperosmolar therapy prior to inclusion ► neurosurgical intervention prior to inclusion ► blood level of sodium before inclusion (<138 mmol/L, 138-145 mmol/L and >145 mmol/L) ► pupil reactivity ► age (<40 years, 40-60 years and >60 years) ► time to inclusion (<8 hours, 8-16 hours and 16-24 hours between trauma and inclusion). The proportion of patients with good outcome (GOS-E 6-8) will also be assessed using an uncorrected and adjusted (using the same adjustment as the primary analysis) logistic regression and the results will be reported as an unadjusted and adjusted risk ratio with associated 95% CIs.
Continuous variables are reported as mean (SD) or median (IQR). Proportions are reported as raw numbers (percentages). We will assess secondary outcomes using uncorrected regression models (linear or logistic) and report the results as an unadjusted risk ratio with associated 95% CIs. Time course of the blood levels of sodium and of plasma osmolarity as well as intracranial pressure values will be analysed by linear mixed models taking into account the effects time and treatment.
No interim efficacy analysis will be performed so that no adjustment is required to the final p value to allow for the multiple testing. The DSMB will only analyse safety data.
data sharing
The principal investigator will have access to the final trial data set. Patient level data and/or full dataset and/or statistical code will be available on request to the corresponding author. Consent was not obtained, but the presented data are anonymised and risk of identification is low and the potential benefits of sharing these data outweigh the potential harms.
dIsCussIon The COBI trial is the first randomised controlled study powered to investigate early continuous hyperosmolar therapy in patients with TBI.
We will include patients with moderate to severe TBI (Glasgow Coma Scale 3-12). The International IMPACT Working Group has made recommendations on the methodology of clinical trials aimed at improving the power of neuro-reanimation trials. 25 It is thus recommended to use inclusion criteria as broad as possible, as long as they are compatible with the mechanisms of action of the evaluated intervention. This strategy maximises recruitment rates and improves the generalisation of results. Following this recommendation and since the secondary occurrence of ICH cannot be excluded in patients with moderate head trauma (Glasgow score 9-12), 26 patients with moderate to severe head trauma will be included in the COBI trial. The inclusion of patients with moderate TBI can theoretically decrease the study power. However, in line with the demonstration that 44% of patients with moderate TBI have incomplete recovery at 6 months, 27 Nichol et al reported in a recent randomised international trial that 70% of patients with moderate to severe TBI have poor outcome at 6 months (GOS-E 1-5). 21 This high incidence rate of the primary endpoint in a population with moderate to severe TBI will result in a study of high clinical relevance and statistical power.
We defined the GOS-E at 6 months as the primary criteria. The use of mortality as a primary endpoint is not recommended in neuro-resuscitation studies because a strategy that increases survival at the cost of heavy sequelae (eg, pauci-relational states) would not be recommended. For example, erythropoietin (EPO) therapy has recently been shown to improve the survival of TBI without increasing the percentage of patients with good neurological recovery. 21 Therefore, EPO is not recommended at this time. 11 28 The IMPACT group recommended choosing a primary endpoint measuring the autonomy or quality of life of patients. Among the scores measuring functional recovery and quality of life after head trauma, GOS-E is the most reliable, validated and most used score in randomised trials in TBI. 19 Finally, mortality is not a competitive with the primary outcome since the outcome 'death' is included in the GOS-E (death=1).
The GOS-E can be evaluated between 3 and 12 months after the trauma. Between 6 and 12 months, the autonomy scores have changed little, 2 and the follow-up of patients will therefore be limited to 6 months in this Open Access study (primary endpoint), with an analysis also at 3 months (secondary endpoint). Previous findings indicate that structured interview over the telephone provides reliable assessment of the GOS-E as compared with in-person contact. 29 30 Due to feasibility concerns, we thus have decided that all the included patients will be followed up over the telephone by one trained research assistant of the coordinating centre.
In accordance with the IMPACT recommendations, for the primary statistical analysis of the GOS-E, we will use an ordinal logistic regression model, with adjustment to prespecified key cofactors. 25 This strategy will increase the statistical power of our study 22 and has been used in several recent studies in neuro-resuscitation. [31] [32] [33] It also has the advantage of not having to use non-consensual definitions of a 'good' and 'bad' neurological recovery necessary for the conventional dichotomous analysis of GOS-E. Finally, the adjustment to predefined covariates 23 will mitigate the effects of heterogeneity resulting from the use of broad inclusion criteria (Glasgow Coma Scale 3-13). 34 
trial status
The trial has already achieved many milestones. Sponsorship has been agreed: the trial is sponsored by the French Ministry of Health. Insurance for non-negligent harm has been provided by University Hospital of Nantes (France). Research ethics committee approval was obtained in June 2017. It is registered with the American registry of trials (https:// clinicaltrials. gov/; NCT03143751). The current emphasis is on developing the recruitment infrastructure, which is ongoing, and developing the follow-up infrastructure. No patient has yet been included, and expected starting point of the study is September 2017.
The principal investigator (AR), the scientific expert (KA) and the statistician (FF) will write the first draft of the manuscript. All the co-authors (investigators who had realised not less than 20 inclusions) will append and approve the final manuscript before the submission. No professional writer will be used.
Ethics and dissemination
The COBI trial protocol has been approved by the ethics committee of Paris Ile de France VIII and will be carried out according to the principles of the Declaration of Helsinki and the Good Clinical Practice guidelines. The results of this study will be disseminated through presentation at scientific conferences and publication in peer-reviewed journals. The COBI trial is an investigator-initiated randomised controlled trial powered to test the hypothesis that the continuous hyperosmolar therapy in patients with moderate to severe TBI enhances neurological outcomes. The results of the COBI Trial will be relevant to clinicians who look after patients with moderate to severe TBI. An ancillary study will assess the long-term neurological and psychological recovery of the next of kin of included patients.
